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INTRODUCTION
In the 21% century, there will be increasing national and globa concern regarding energy
utilization efficiency and environmenta improvement. In the case of highway
trangportation, these concerns are especially compelling. A new generation of advanced
fuds and fud additives will be required to enable the emerging power systems of high-
efficiency vehiclesto achieve necessary increasesin fud efficiencies and dramatic
decreasesin emissions. Since petroleum-based fuels are expected to dominate the market
for at least the next 30 years, practica congderations indicate that petroleum will be the
primary feedstock. However, dternative, non-petroleum-based fuels must be devel oped
as potential blending stocks and additives for petroleum-based fudsin the near term, and
for ‘neat fuels in the long term. Cod must be considered as the most viable resource
from which to generate these dternative fuels, blending stocks, and additives.
To be successful, the development and commercidization of dternative, non-petroleum -
basad fuelswill employ a“systems’ gpproach, addressing fuds and engine/emissons-
control technologies in the context of completely integrated vehicle power systems. The
quest for the best societa solution will require that:
advanced fuel-devel opment activities address the complete spectrum of vehicle
categoriestha are used in highway transportation; and,
along-term continuum of research and development (R& D) be conducted to
influence and respond to the evolution of nationd energy efficiency gods,
environmenta policies and regulations.

CHALLENGES
It is recognized that a clean, stable and affordable energy supply for transportation is
essentid for sustaining economic growth, socid gability, and public hedth. However,
there are severd mgor concerns facing transportation energy use, both domestically and
worldwide. They include:
potentid hedth effects from regiond and urban pollution resulting from
transportation vehicle emissons, particularly ozone non-attainment and
particul ates,
- Increadng emissons of the greenhouse gas carbon dioxide from rapidly expanding
domestic and worldwide trangportation sectors;
energy security and the cost of oil imports as aresult of continually increasing
reliance on imported oil; and
concern over the long-term availahility of affordable liquid fuelsfrom
conventiona petroleum, given the enormous expected worldwide expansion of
transportation fud demand in the next two decades.



Regional and Urban Pollution

In the United States, transportation is responsible for 77% of the carbon monoxide, 49%
of the nitrogen oxides and 40% of the volatile organic compounds in total manmade air
emissons (Figure 1). All current forecasts project dramatic increases in vehicle numbers
and mileage traveled, which will lead to greater trangportation pollution unless
sgnificantly improved fud-vehicle systems are devel oped and deployed (Figure 2).
Currently, much effort from industry and government is directed towards improving
fud/vehicle sygems. From this, it is clear that successin obtaining high efficiency and
low emissions can only be achieved by smultaneoudy improving engines, exhaust after-
treatments, and FUELS.
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| ncreasing Greenhouse Gas (GHG) Emissions from the Transportation Sector
About one-third of carbon dioxide emissonsin the U.S. from foss| energy use are
produced by the transportation sector. Transportation accounts for approximately 470
million metric tons (mmt) out of atota carbon emissonsof 1,460 mmt. Highway
trangportation accounts for 82% of total transportation emissions of carbon. The Energy
Information Agency (EIA) projects that by 2020, total carbon emissonsin the U.S. will
increase to 1,960 mmt under business-as-usud assumptions, with transportation
accounting for 690 mmt, or 35% of tota U.S. carbon emissons.

Energy Security and the Increasing Costs of Imported Oil

Currently, the U.S. imports 8.5 million-barrels-per-day (mmb/d) of crude oil and more
than 2 mmb/d of finished products (Figure 3). The U.S. transportation sector now uses
more oil than is produced domesticdly. At current world ail prices, the cost of crude ail
imports is more than US$70 hillion; by 2020, the EIA estimates that this crude oil import
bill will be about US$100 hillion (Figure 4). About 50% of this imported petroleum
comes from OPEC countries, and since they are endowed with the bulk of theworld's
remaning oil, U.S. dependence on imported oil will increase in the future,
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Figure4 (Source: EIA Annual Energy Outlook 1999)

The L ong-term Availability of Liguid Fuelsfrom Petroleum

Worldwide oil demand is expected to increase dramaticaly as vehicle regigtrations soar
to unprecedented heights. However, conventional petroleum is afinite resource and its
production will eventudly pesk and decline in the face of continudly increasng demand
(Figure 5). Because of uncertainties associated with estimating the volume of this
resource, it is not known when this peak in production will occur. Based on current
estimates of recoverable conventiond oil (gpproximeately 2.7 trillion barrdls), and
projected world oil demand, some experts predict that this peak will occur around 2015.
The 1998 Internationa Energy Agency (IEA) scenario presented at the G7 meeting in
Moscow shows a peak in production around 2015. A recoverable resource consi stent
with the IEA estimate of oil production through 2020 would need to be 4.7 trillion
barrels; this would require the volume of remaining oil to be double the current estimate.
Around this peek in the world oil production curve, it is certain that the price of oil will
rise Sgnificantly and permanently as conventiond oil resources go into irreversible
decline.
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VISION
“Promote the development of future trangportation systems that are highly efficient, ultra-
clean and that minimize our dependency on imported ail, that have aminimum
environmenta impact and can be produced a an economicaly competitive cost.”
To redize thisvison, the Ultra- Clean Transportation Fuels (UCTF) Program within the
U.S. Department of Energy will foster the devel opment and deployment of ultra-clean
fuelsto power these future trangportation systems. These ultra-dean fuds will:
be compatible with the existing liquid fuels trangportation infrastructure;
asss new and exiding vehicle systems in meeting more stringent future emissions
standards,
enabletheredization of highly efficient, advanced vehicle sysems fegturing
sgnificantly lower carbon dioxide emissions;



be obtainable from both petroleum and non-petroleum sources,
be candidate fuds for future advanced vehicle systems like hybrids and fud cell
vehicles, and,

help strengthen the comptitive pogtion of the U.S. energy industry.
The bendfits of redizing this vison can be quantified in a generd manner by assuming
the deployment of 1 mmb/d of these ultra-clean fuds. If high efficency vehicdle sysems
replaced current systems in this scenario, then the deployment of 1 mmb/d of these fuds
could reduce carbon emissions from transportation by about 20 mmt of carbon per year.
Further, it would reduce highway emissions of NOx by more than hadf amillion tons per
year, and carbon monoxide emissions by about 2 million tons per year. Cogs for ol
imports would be reduced by about US$10 billion per year. Also, if this domegtic 1
mmb/d industry produced the fuels from domestic natura gas and codl, it would generate
more than 100,000 new jobs.

Strategy
A critical rolefor the U.S. Department of Energy isto address globa and domestic

chdlenges while promating the development of technologies that will provide the United
States with a stable supply of clean and affordable transportation energy to fud our
economy in the 21% century. .

In order to fulfill this role in the most efficient and cogt- effective manner, initiatives that
have clean fuds development as thelr god have been coordinated to form the
comprehensive UCTF Program for producing fuds for ultra-low-emisson vehicles
(Figure 6). These activities reside in the coordination phase of the Petroleum Derived
Fudls, Gas-to-Liquids, and Cod Trangportation Fuels programs. Thisintegrated activity
promotes the production of ultra-clean fuels from conventiond petroleum aswell as other
diverse resources. Integration makes more effective use of the skill mix, resources, and
synergies among related programs.

Figure 6. Ultra-clean Transportation Fuels Program



The god of the UCTF Program, in partnership with al eements of the refining and
trangportation indudtries, is to promote the development and deployment of technologies
that will produce ultra-clean, high performance transportation fuels for the 21% century
from both petroleum and non-petroleum sources (Figure 7). These will enable the
introduction of advanced, highly efficient fue/engine combinations. Promotion of fuel
diversty will result in use of other feedstocks in addition to petroleum to produce ultra
clean fuds, thereby reducing U.S. dependence on imported petroleum. These ultra-clean
liquid fues will use the nation’ s existing trangportation infrastructure.
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There are three R& D phases comprising this program, divided chronologicaly into near
term, mid term and long term.  Division of the program into three phasesis designed to
emphasi ze the principa objectives of each phase. Considerable overlap in R&D occurs
among the phases, and advances in R& D during subsequent phases will largely be a
result of building on prior efforts.

The principa near-term objective isto promote the efficient and cost- effective production
of ultra-clean liquid transportation fuds that will hdp existing and new vehicle sysems

to meet future stringent vehicle emissons sandards. This near-term phase of the
program is designed to maximize the clean and efficient use of conventionda petroleum

by improving the yied and qudity of transportation fuels from abarrd of crude. This
can be done by improving processing of poor quality crudes, and by utilizing low-vaue
products such as residua, petroleum coke, and other refinery waste products. Another
magjor objective of this phaseisto promote, by continued advanced research, production
of ultra-clean fuels from other feedstocks including heavy ails, naturd gas, cod and other
carbonaceous feeds.

The principd mid-term objective is to promote the production of ultra-clean fuds,
blending agents and fuel additives that can be used in advanced transportation systems
like the Partnership for a New Generation of Motor Vehicles, Hybridsand Fud cdls. A
key god of the program is to encourage use of diverse feedstocks to produce fuds that



facilitate deployment of advanced high efficiency, low emissons trangportation systems.
This phase of the program is intended to maximize the clean and efficient use of dl fossl
resources (i.e. petroleum, natural gas, cod, and other carbonaceous feeds) for the
production of ultra-clean fuds.

The principd long-term objective is to promote the identification, development, and
commercidization of technologies necessary for the refining industry to produce
sufficient quantities of ultra-clean fuds from domestic and imported foss| resources.
These ultra- clean fuels will be produced from a diversity of carbon-containing resources,
and will be used in advanced transportation systems.  These technologies will strengthen
the competitiveness of the U.S. energy industry and assure the long-term availability of
affordable liquid fuels for transportation. The program essentidly is composed of two
mgor dements fuds development and fuds testing.

Fud production activities focus on development and verification of the processing

technol ogies needed to upgrade and convert dl petroleum feedstocks to ultra-clean fuels.
Other carbonaceous feeds like natura gas, petroleum cokes, refinery wastes, and coal
will be used as feedstocks for developing ultra—fud candidates like Fischer-Tropsch and
others. Fuds development will produce advanced transportation fuels that will be tested
in direct-injection engines fired by compression ignition and spark ignition. The
combination of advanced fue, engine, and emission controls will be optimized for
maximum efficiency and minima emissons.

GOVERNMENT RESPONSIBILITY

Energy iscritica to APEC economies' interests; therefore, it is gppropriate for these

economies to develop technologies that will provide a stable supplies of ultra-clean,

afordable energy to fud their trangportation sectorsin the 21% century. An affordable,
gtable supply of such fuds from domestic sources will help sustain economic growth,
protect public hedth and welfare, improve competitiveness and maintain security. The
government’ s role must be complementary to the role of the private sector and the
limitations of federd dollars (Figure 8). Public/private partnerships and consortiaare to
be extensvey utilized. Government clearly has arole in the following aress:

1) Improving the nation’s environment by asssting the advancement of technologiesto
endble indusgtry to more efficiently provide fuelsthat dlow vehicle sysemsto meet
future emission standards mandates,

2) Actingintherole(s) of coordinator/integrator/facilitator between refining and
transportation industry groups and government to foster timely development and
deployment of these ultra-clean fuds system;

3) Supporting near-term, mid-term, and long-term R& D that will provide fuelsto: (1)
improve the performance and lower the cost of exigting fuelS'vehicles systems, (2) be
candidates for advanced systems like hybrids and fuel cdls, and (3) alow
divergfication of the resource base to prolong the availability of liquid fuel resources;
and

4) Coordinating and integrating efforts with other government programs.

SUMMARY

The UCTF Program is fostering the devel opment of advanced fuel production
technologies that will accelerate deployment of highly efficient engine/vehicle systems.
Its focus principdly is on technologies that can produce ultra-clean liquid fuelsthat are



able to utilize the exigting trangportation fuds infrastructure. These ultra-dean fudswill
be produced from a variety of resources including conventional and heavy crudes,
bottom-of-the-barrdl refinery products (residua and petroleum coke), natura gas, cod,
biomass, and other carbonaceous feeds. Use of these fuels in conjunction with advanced
engines and exhaugt after-treatment systems will provide solutionsto the principd
chalenges associated with globa and domestic trangportation.

The Program thus provides a comprehensive, integrated approach to the development of
systems for the production and characterization of ultra-clean transportation fuels. These
fueswill reduce regiond and urban pollution, and permit the use of sgnificantly higher
efficiency automobiles, light trucks and sports vehicles, with the resulting reduction in
greenhouse gas emissions, and reduced dependence on imported oil. The UCTF Program
will, therefore, be the bridge to 21 century transportation systems.



